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(57) Abstract 

A base station 
includes first and second 
antenna arrays for receiving 
first and second rotational 
polarizations, and a 
polarization diversity 
receiver connected to the 
first and second antenna 
arrays for processing 
respective first and second 
receive signals from a 
mobile station to generate 
an enhanced quality output 
receive signal based upon 
polarization diversity 
reception. Polarization 
isolation between the 
transmit and receive 
antenna elements may also 
be provided by having a 
first plurality of transmit 
antenna elements for 
the second polarization 
mounted on a substrate 
carrying the first receive 
antenna elements. The 
second antenna array 
includes a second plurality 
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of antenna elements of second polarization on a substrate carrying the second receive antenna elements. To achieve polarization diversity 
gain at the mobile station, the base station preferably further includes an alternating polarization transmitter for alternately transmitting 
signals at respective alternating first and second rotational polarizations. Method aspects of the invention are also disclosed. 
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METHOD AND APPARATUS FOR POLARIZATION DIVERSITY IN A BASE STATION USING 
ANTENNA ARRAYS 

Field of Invention 
The present invention relates generally to 
communications systems and, more specifically, to a 
cellular radio communications system* 

5 Background of the Invention 

Cellular communications systems are commonly 
employed to provide voice and data communications to a 
plurality of mobile units or subscribers. Analog 
cellular systems, such as designated AMPS, ETACS, 

10 NMT-450, and NMT-900, have been deployed successfully 
throughout the world. More recently, digital cellular 
systems such as designated IS-54B in North America and 
the pan- European GSM system have been introduced. 
# These systems, and others, are described, for example, 

15 in the book titled Cellular Radio Systems by Balston, 
et al . , published by Artech House, Norwood, MA., 1993. 

Frequency reuse is commonly employed in 
cellular technology wherein groups of frequencies are 
allocated for use in regions of limited geographic 

20 coverage known as cells. Cells containing equivalent 
groups of frequencies are geographically separated to 
allow mobile units in different cells to simultaneously 
use the same frequency without interfering with each 
other. By so doing many thousands of subscribers may 

25 be served by a system of only several hundred 

frequencies. In the United States, for example, 
Federal authorities have allocated to cellular 
communications a block of the UHF frequency spectrum 
further subdivided into pairs of narrow frequency bands 
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called channels. Channel pairing results from the 
frequency duplex arrangement wherein the transmit and 
receive frequencies in each pair are offset by 45 MHz. 
At present there are 832, 30-KHz wide, radio channels 
5 allocated to cellular mobile communications in the 

United States. To address the capacity limitations of 
this analog system a digital transmission standard has 
been provided, designated IS-54B, wherein these 
frequency channels are further subdivided into 3 time 
10 slots. 

As illustrated in FIG. 1, a cellular 
communication system 2 0 as in the prior art includes 
one or more mobile stations or units 21, one or more 
base stations 23 and a mobile telephone switching 

15 office (MTSO) 25. Although only three cells 36 are 
shown in FIG. 1, a typical cellular network may 
comprise hundreds of base stations, thousands of mobile 
stations and more than one MTSO. Each cell will have 
allocated to it one or more dedicated control channels 

20 and one or more voice channels. A typical cell may 
have, for example, one control channel, and 21 
voice/data, or traffic, channels. The control channel 
is a dedicated channel used for transmitting cell 
identification and paging information. The traffic 

25 channels carry the voice and data information. 

The MTSO 25 is the central coordinating 
element of the overall cellular network 20. It 
typically includes a cellular processor 28, a cellular 
switch 29 and also provides the interface to the public 

30 switched telephone network (PSTN) 30. Through the 

cellular network 20, a duplex radio communication link 
32 may be effected between two mobile stations 21 or, 
between a mobile station 21 and a landline telephone 
user 33. The function of the base station 23 is 
35 commonly to handle the radio communication with the 

mobile station 21. In this capacity, the base station 
23 functions chiefly as a relay station for data and 
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voice signals. The base station 23 also supervises the 
quality of the link 32 and monitors the received signal 
strength from the mobile station 21. 

A typical base station 23 as in the prior art 
5 is schematically illustrated in FIG. 2 which shows, as 
an example, the functional components of model number 
RBS 882 manufactured by Ericsson Telecom AB, Stockholm, 
Sweden for the CMS 8800 cellular mobile telephone 
system • A full description of this analog cellular 

10 network is provided in publication number EN/LZT 101 
908 R2B , published by Ericsson Telecom AB. 

A now common sight along many highways, the 
base station 23 includes a control unit 34 and an 
antenna tower 35. The control unit 34 comprises the 

15 base station electronics and is usually positioned 

within a ruggedized enclosure at, or near, the base of 
the tower. .Within this enclosure are the radio control 
group 37, or RCG, an exchange radio interface (ERI) 3 8 
and a primary power supply 41 for converting electric 

20 power from the AC grid to power the individual 

. components within the base station 23, and a backup 
power supply 42 . 

The ERI 3 8 provides signals between the MTS0 
25 and the base station 23. The ERI 38 receives data 

25 from the RCG 37 and transfers it to the MTSO 25 on a 
dedicated MTS0-BS link 45.. In the reverse direction, 
the ERI 38 receives data from the MTSO 25 and sends it 
the RCG 37 for subsequent transmission to a mobile 
station 21. 

3 0 The radio control group 37 includes the 

electronic equipment necessary to effect radio 
communications. A functional block diagram of an RCG 
37 as in the prior art is shown in FIG. 3. The 
configuration shown illustrates one control channel 

35 transmit /receive module (TRM) 51, a number of voice 

channel TRMs 52, and one signal strength receiver 53, 
as is a typical configuration required to serve one 
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cell or sector of a cell. Each TRM 51, 52 includes a 
respective transmitter 54, receiver 55 and control unit 
57. The TRMs 51, 52 are not typically frequency agile 
and operate instead on only one predetermined channel . 
5 Control signals from the ERI 3 8 are received by the 
individual control units 57. Voice and data traffic 
signals are routed over a separate interface to the ERI 
38. 

Each individual transmitter 54 for control 
10 and voice is connected to a transmit combiner 58. The 
transmit combiner combines all of the input signals 
onto a single output coupled through a coaxial cable 62 
•to the transmit antenna 63. Through the use of the 
combiner. 58, up to 16 transmitters 54 can typically be 
15 connected to a common transmit antenna 63 . The 

combiner 58 is used because there is often a premium 
for space on the masts and towers used to support the 
antennas. In an extreme case, one mast may be required 
to support over 100 radio channels. 
20 On the receive side, each of two receive 

antennas 65 is coupled to a respective receive combiner 
66A, 66B where the signals received are separated 
according to frequency and passed on to the individual 
receivers 55 in each of the TRMs 51, 52. The two 
25 receive antennas 65 are typically spaced 3 to 5 meters 
apart on the tower so that they may receive signals 
with uncorrelated fading patterns to thereby provide 
space diversity reception. There are many conventional 
techniques for both pre-detection and post -detection 
30 diversity which are described, for example, in Chapter 
10 of the book entitled "Mobile Communications 
Engineering 1 ' , by William C.Y. Lee, published by 
McGraw-Hill, 1992 . 

One visible feature of a typical base station 
35 23 is the antenna tower 35. In order to achieve a 
reasonable coverage area, the antennas 63, 65 are 
desirably mounted at some distance above the ground. 
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Referring now additionally to the prior art schematic 
plan view illustration of FIG . 4A, in rural areas the 
towers 35 are commonly located at the center of a cell 
36 thereby providing omni -directional coverage. In an 
5 omni -directional cell, the control channel (s) and the 
active voice channel (s) are broadcast in all areas of 
the cell usually from a single antenna. Where base 
stations 23 are more densely located, a sectorized 
antenna system may be. employed as in the prior art, and 

10 shown by the schematic diagram of FIG. 4B. 

Sectorization requires directional antennas 70 having, 
for example, a 120 degree radiation pattern as 
illustrated in FIG. 4B. Each sector 71 is itself a 
cell having its own control channel (s) and traffic 

15 channel (s). Note that "channel" may refer to a 

specific carrier frequency in an analog system or to a 
specific carrier/slot combination in a hybrid TDMA/FDMA 
system, such as IS-54 and GSM. 

FIG. 5A illustrates a typical antenna system 

2 0 as in the prior art and as discussed above. FIG. 5B 
illustrates two types of prior art antennas that have 
been heretofore discussed an omni-directional 
antenna, such as a dipole .66, and a directional sector 
antenna 70 which further includes a reflector 64, for 

25 example. It being understood that transmit and receive 
antennas are typically of the same type for a given 
base station. 

The use of scanning phased array antennas in 
cellular communications systems has been proposed. For 

30 example, Stapleton, et al . , A Cellular Base Phased 

Array Antenna System, Proceedings of the 93rd IEEE VTC, 
pp. 93-96 describe a circular array of monopole 
radiating elements to provide 360 degree scanning 
capability. In order to provide space diversity, 

35 Stapleton' s antenna is designed such that each 

radiating element has the potential of transmitting on 
every channel allocated to the cell. 
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It should be noted that passive microstrip 
arrays are also currently available for use with 
cellular base stations. For example, type no. 
1309.41.0009 manufactured by Huber+Suhner AG of 
5 Herisau, Switzerland is a seven element linearly 
polarized flat panel passive antenna with a shaped 
elevation beam for use in cellular base stations. This 
array can replace the typical dipole antenna and is 
more suitable for locations on the sides of buildings 

10 or other flat surfaces. In application note 20.3, 

published by Huber+Shuner , it is shown that wide area 
coverage may be obtained via the use of power- splitters 
whereby portions of the signals are .diverted to several 
individual panels . 

15 Despite the theoretical advantages of space 

diversity in cellular system base station receiving 
antennas, . sufficient separation may not always be 
obtainable. In other words, the antenna tower may not 
permit a sufficient physical separation of receive 

2 0 antennas to achieve uncorrelated fading for receive 

signals. In addition, the orientation of the linearly 
polarized mobile antenna may not always be in alignment 
with the typically vertically polarized receive antenna 
at the base station. In addition, reception at the 
25 mobile station may also be subject to fading. 

Summary of the Invention 
In view of the foregoing background, it is 
therefore an object of the present invention to provide 
a cellular communications system base station capable 

3 0 of providing enhanced communication with a mobile 

station, particularly in view of fading and/or 
misorientation of the mobile antenna. 

This and other objects, advantages and 
features of the present invention are provided by a 
35 base station comprising first and second antenna arrays 
for receiving first and second polarizations, and a 
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polarization diversity receiver connected to the first 
and second antenna arrays for processing respective 
first and second receive signals from a mobile station 
to generate an enhanced quality output receive signal 
5 based upon polarization diversity reception. More 

particularly, the first antenna array includes a first 
plurality of receive antenna elements for preferably 
receiving signals having a first polarization and being 
arranged in a predetermined pattern to define a first 
10 receive coverage area. Similarly, the second antenna 
array preferably comprises a second plurality of 
receive antenna elements for receiving signals having a 
second polarization different from the first 
polarization and being arranged in a predetermined 
15 pattern to define a second receive coverage area. 
Antenna mounting means is preferably provided for 
mounting the first and second antenna arrays so that 
the first and second receive coverage areas are 
overlapping. The mounting means preferably comprises 
.20 an antenna mast. Alternately, the mounting means may 

comprise another supporting structure such as a wall of 
a building, for example. 

The polarizations may be rotational 
polarizations. For example, the first polarization may 
25 be right-hand-circular polarization, and the second 
polarization may be left-hand-circular polarization. 
The mobile station antenna typically has a linear 
polarization, but may be oriented at angles between 
horizontal and vertical. Accordingly, polarization 
3 0 diversity provides an enhanced receive signal that is 
less subject to fading. 

The polarization diversity receiver 
preferably comprises signal quality determining means 
for determining signal-to-noise ratios of the first and 
3 5 second receive signals, and weighting means for 

weighting the first and second receive signals based 
upon the respective signal-to-noise ratios thereof to 
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thereby generate the enhanced quality output receive 
signal . The polarization diversity receiver preferably 
further includes means for separating the first and 
second receive signals into a plurality of respective 
5 individual channels based upon frequency or time slot 
and for processing each of the individual channels to 
generate a respective enhanced quality output receive 
signal based upon polarization diversity reception. 

Polarization isolation between the transmit 

10 and receive antenna elements is also provided according 
to the invention. Accordingly, the first antenna array 
preferably further, includes a first plurality of 
transmit antenna elements arranged in a predetermined 
pattern for transmitting the second rotational 

15 polarization to thereby provide polarization isolation 
from the first plurality of receive antenna elements. 
Similarly, the second antenna array preferably 
comprises a second plurality of transmit antenna 
elements arranged in a predetermined pattern for 

20 transmitting the first rotational polarization to 

thereby provide polarization isolation from the second 
receive antenna elements. In addition, a respective 
one of the receive antenna elements of the first 
antenna array and a respective one of the transmit 

25 antenna elements of the first antenna array may be 

provided on a common patch antenna. The common patch 
antenna is capable- of receiving signals having one 
polarization while transmitting signals having another 
polarization . 

3 0 Another aspect of the present invention is 

that polarization diversity may be achieved on 
transmission from the base station so that a 
polarization diversity gain is achieved at the mobile 
station. The polarization diversity on transmission 

3 5 may be used independently of or in combination with the 
polarization diversity on receive. To achieve 
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polarization diversity gain at the mobile station, the 
base station preferably further includes alternating 
polarization transmitter means connected to the first 
and second pluralities of transmitter antenna elements 
5 for alternately transmitting signals at respective 

alternating first and second rotational polarizations. 
The base station also preferably includes transmitter 
coding means connected to the alternating polarization 
. transmitter ' means for generating coded and interleaved 
10 time division multiple access signals transmitted from 
the first and second antenna arrays to the mobile 
station. Accordingly, a mobile station for 
communicating with the cellular base station 
transmitting the interleaved coded signals at 
15 respective alternating first and second rotational 
polarizations preferably includes an antenna for 
receiving signals transmitted from the cellular base 
station, and receiver means connected to the antenna 
for deinterleaving and decoding the signals from the 
20 cellular base station to thereby achieve polarization 
diversity gain. The interleaved coded signal 
transmitted from the cellular base station is 
preferably a time division multiple access (TDMA) 
signal, and wherein the receiver means includes means 
25 for receiving the TDMA signal . 

The first antenna array preferably comprises 
an elongate substrate carrying the first plurality of 
receive antenna elements and the first plurality of 
transmit antenna elements extending in a vertical 
3 0 direction. The second antenna array is similar and is 
mounted adjacent to the first antenna array. Each of 
the first and second antenna arrays preferably further 
comprises a plurality of transmit amplifiers on the 
elongate substrate and connected to respective transmit 
35 antenna elements to thereby define an active phased 

array antenna. For environmental protection, each of 
the first and second antenna arrays preferably further 



BNSOOCID: <WQ 9636136A1 I > 



WO 96/36136 



PCTAJS96/06366 



-10- 

comprises a radio- transparent housing surrounding the 
elongate substrate . 

A method aspect of the present invention is 
for operating a cellular base station for communicating 
5 with at least one mobile station. The method 

preferably comprises the steps of: receiving a first 
signal from a mobile station at a first polarization; 
receiving a second signal from the mobile station at a 
polarization different from the first polarization ; and 

10 processing the first and second receive signals to 
.generate an enhanced quality output receive signal 
based upon polarization diversity reception. 

Another method aspect of the present 
invention is for obtaining polarization isolation while 

15 also obtaining diversity gain at the mobile station. 
The method preferably comprises the steps of: 
transmitting the second polarization from adjacent the 
first plurality of receive antenna elements to thereby 
provide polarization isolation; and transmitting the 

20 first polarization from adjacent the second plurality 
of receive antenna elements to thereby provide 
polarization isolation. The method also preferably 
includes the step of alternately transmitting signals 
at respective alternating first and second 

25 polarizations to provide enhanced received signal 
quality at a mobile station. 

Brief Description of the Drawings 
These and other features and advantages of 
the present invention will be readily apparent . to one 
3 0 of ordinary skill in the art from the following written 
description, read in conjunction with the drawings, in 
which : 

FIG. 1 is a schematic block diagram 
illustrating the basic components of a cellular 
35 communications system as in the prior art; 
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FIG. 2 is a schematic block diagram 
illustrating the functional components of a cellular 
communications base station as in the prior art; 

FIG. 3 is a schematic block diagram 
5 illustrating the functional elements of Radio Control 
Group of a base station as in the prior art; 

FIG. 4A is a schematic plan view illustrating 
an omni -directional cellular pattern as in the prior 
art ; 

10 FIG - 4 B is; a schematic plan view illustrating 

a sectorized cellular pattern as in the prior art; 

FIG. 5A is a schematic side view illustrating 
a typical cellular antenna system as in the prior art; 

FIG. 5B is a "schematic side view illustrating 
15 an omni -directional antenna and a sector antenna as in 
the prior art; 

FIG. 6 is a plan view of a base station 
including a plurality of antenna elements according to 
the present invention; 
20 FIG - 7 is a cut away view of an antenna array 

including a plurality of patch antenna elements on an 
elongate substrate according to Figure 6; 

FIG. 8 is a schematic view of an antenna 
array according to Figure 7; 
25 FIG. 9 is a front perspective view of a 

single patch antenna element on an elongate substrate 
(fixed) according to Figure 7; 

FIG. 10 is a back perspective view of a 
single patch antenna element on an elongate substrate 
30 according to Figure 7; 

FIG. 11 is a top view of a pair of antenna 
element arrays defining respective receive coverage 
areas according to Figure 6; 

FIG. 12 is a top view of a pair of antenna 
35 element arrays defining respective transmit coverage 
areas according to Figure 6 . 
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Detailed Description of the Preferred Embodiments 
The present invention now will be described 
more fully hereinafter with reference to the 
accompanying drawings, in which preferred embodiments 
5 of the invention are shown. This invention may, 

however, - be embodied in many different forms and should 
not be construed as limited to the embodiments set 
forth herein. Rather, these embodiments are provided 
so that this disclosure will be thorough and complete, 

10 and will fully convey the scope of the invention to 
.those skilled in the art. Like numbers refer to like 
elements throughout . 

Referring first to FIG. 6, a base station 200 
including a plurality of antenna arrays is described. 

15 The antenna arrays are arranged in a cylindrical 
pattern to provide the possibility to transmit or 
receive in any direction. Alternating first 210a-d and 
second 212a-d antenna arrays are for receiving signals 
having first and second polarizations. A polarization 

20 diversity receiver 214 is connected to each of the 

first 210 and second 212 antenna arrays for processing 
respective first and second receive signals received 
from a mobile station to generate an enhanced quality 
output receive signal based upon polarization diversity 

25 reception. Furthermore, the signal from each of the 

antenna arrays 210a-d and 212a-d can be amplified by a 
respective amplifier 216 before being applied to a 
respective polarization diversity receiver 214. As 
shown, each polarization diversity receiver receives 

30 signals from two adjacent antenna arrays. As will be 
understood by those having skill in the art, a higher 
degree of polarization diversity reception can be 
achieved by providing signals from more than two 
adjacent antenna arrays to each polarization diversity 

35 receiver. 

More particularly, each of the first antenna 
arrays 210a-d preferably includes a first plurality of 
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receive antenna elements for receiving signals having a 
first rotational polarization and being arranged in a 
predetermined pattern to define a first receive 
coverage area. The antenna elements may be circular 
5 patch antenna elements (as illustrated in Figures 7 and 
8) or crossed dipoles as would be readily understood by 
those skilled in the art. In addition, these antenna 
elements may serve simultaneously as transmit antenna 
elements . 

1 0 Similarly, each of the second antenna arrays 

212a-d preferably comprises a second plurality of 
receive antenna elements, (as illustrated in Figures 7 
and 8) for receiving a second -rotational polarization 
different from the first rotational polarization and 

15 being arranged ,in a predetermined pattern to define a 
second receive coverage area. Again, these antenna 
elements may serve simultaneously as transmit antenna 
elements. Antenna mounting means, such as the 
illustrated antenna mast 218, is preferably provided 

20 for mounting the first and second antenna arrays so 
that the adjacent receive coverage areas defined by 
adjacent antenna elements are overlapping. 

A cut away of a single antenna array 223 is 
illustrated in Figure 7. In a preferred embodiment, 

25 the antenna array includes a plurality of printed 
circuit board antenna elements 224, such as patch 
antennas. The antenna elements 224, such as patch 
antenna elements, are provided on an elongate substrate 
226 such as a printed circuit board, and these patch 

3 0 antennas can be used as transmit and receive elements 
simultaneously. The elongate substrate may also be 
provided with other components such as input amplifiers 
228, input 230b or transmit 230a filters, an output or 
receive low noise amplifier ( 11 LNA " ) 231, and an output 

35 232b or receive 232a filter, as illustrated 

schematically in Figure 8. As further illustrated in 
Figure 7, the elongate substrate 226 with patch 
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antennas 224 is preferably enclosed in a radio- 
transparent tubular housing 234. A mounting bracket 
23 6 can be used to connect the antenna array to the 
base station mast, and the cable 220 can be used to 
5 connect the antenna array 223 to respective 
polarization diversity receivers. 

As shown schematically in Figure 8, each 
antenna element 224 is coupled by first coupling 
circuit 238 including first coupling line 239 to a 

10 common receive filter 232a arid low-noise receive 

amplifier 231. Second coupling circuit 240 including 
coupling line 241 distributes a transmit signal to the 
transmit power amplifiers 228. As would be readily 
understood by those skilled in the art, the transmit 

15 amplifiers may be either single carrier power 

amplifiers (SCPA's) for amplifying a Time Division 
Multiple Access (TDMA) signal, or multi- carrier power 
amplifier's (MCPA's) for amplifying a composite of 
several different carrier frequency signals. In the 

20 case that SCPA's are used, a signal is directed towards 
a single principle direction on a single frequency, 
while if MCPA's are used, multiple signals on different 
frequencies can be directed in each direction. In the 
receive direction, however, the receive low noise 

25 amplifier 231 is preferably always capable of receiving 
and amplifying signals on multiple frequencies. In 
addition to coupling line 240, the second coupling 
circuit may include switching means for dynamically 
partitioning the transmit array to provide transmit 

30 subarrays operating on different frequencies in the 
same time slot. 

The transmit amplifiers 228 may produce 
wideband noise- outputs at frequencies overlapping the 
receive frequency band and be of sufficient level to 
35 degrade the noise figure of the receive low noise 

amplifier 231. Accordingly, transmit 230a and receive 
232a filters can be used as illustrated. The receive 
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filter 232a may be a bandpass filter tuned to pass the 
receive frequency band and attenuate transmit frequency 
signals, while the transmit filters 230a or input 
filter 230b can be notch filters to attenuate 
5 transmission in the receive frequency band and pass the 
transmit frequency band. 

As would be readily understood by those 
skilled in the art, directivity favoring reception is 
one way to improve received signal quality. Another 
10 way to improve the received signal quality is diversity 
reception using two or more preferably independent 
channels, for example, on widely spaced antennas (space 
diversity) , different frequencies (frequency diversity) 
or at different times (time diversity or interleaved 
15 repeat coding) . Considerable diversity gain is 

available when combining signals from sources suffering 
from uncorrelated fading in a joint signal processor, 
as distinct from just combining signals from different 
antenna array elements to obtain directive gain. 
20 Typically combining signals from two 

different antennas experiencing the same signal fading 
will yield a gain of approximately 3dB while if the 
fading is uncorrelated Rayleigh, gains on the order of 
7dB may be obtained. Fading can be uncorrelated on two 
25 antennas spaced only inches apart on a mobile phone, 
but unfortunately, due to a geometric magnification 
effect, the spacing required at a base station can be 
hundreds of times greater. Relatively close spacing is 
possible at the mobile station because the multiple 
30 paths that cause fading tend to arise due to near field 
clutter in the vicinity of the mobile station, such as 
due to reflections from objects within a few tens or 
hundreds of yards. In the reverse direction, however, 
these reflections may propagate several miles to the 
35 base station causing the geometric magnification of the 
antenna spacing required at the base station. 
Accordingly, a spacing of several feet between adjacent 
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antennas at the base station may be insufficient to 
obtain uncorrelated fading through space diversity. 

On the other hand, it is observed that fading 
is largely uncorrelated when comparing antennas of 
5 orthogonal polarizations. Accordingly, the alternate 
antenna arrays according to the invention are 
preferably orthogonally polarized. For example, each 
of the first antenna arrays 210 may use orthogonal 
rotational polarizations such as right-hand-circular- 

10 polarization (RHCP) for transmitting and left-hand- 
circular-polarization (LHCP) for receiving, while each 
of the second adjacent antenna arrays 212 may use the 
opposite polarizations for transmitting and receiving. 
Accordingly, polarization isolation can be used in a 

15 preferred embodiment to isolate the transmit and 

receive signals. The receive paths preferably have 
multi -carrier capability even if the transmitting paths 
have only single-carrier capability. Therefore, the 
received signals are received with both RHCP and LHCP 

20 which exhibit uncorrelated fading. Upon processing the 
signals from two or more antenna arrays, a diversity 
gain is obtained which is greater than the directive 
gain that would have been obtained had all antenna 
arrays had like receive polarization. 

25 As will be understood by those having skill 

in the art with reference to FIG. 7, each antenna array 
is preferably fabricated separately on an elongate 
substrate 22 6 such as a long thin module or printed 
circuit board. Printed circuit board antenna elements, 

30 such as patch antennas, may be readily fabricated as 

part of such a module as would be readily understood by 
those skilled in the art. As shown in Figures 9 and 
10, a circular patch antenna element 224 may be fed at 
two feed points 270 and 272, and the two feed points 

35 connected to a printed, branch-line quadrature coupler 
274 to provide two feed points 270 and 272 of opposite 
circular or rotational polarization. A ground 
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connection 276 can be used to connect the antenna 
element 224 to a ground plane 27 8 shown sandwiched 
between two layers of the elongate substrate 226. As 
will be understood by those having skill in the art, 
5 active elements, such as amplifiers, and passive 
elements, such as filters, may also be mounted or 
constructed on the elongate substrate. 

As illustrated in Figure 7, each antenna 
array preferably includes a radio- transparent tubular 
10 housing 234 surrounding the elongate substrate 226. 

For cold climates, a temperature sensor and heater may 
be included within the housing. 

Several collinear antenna arrays may be 
mounted on a single antenna mount. Each antenna array 
15 thereby provides directivity in the azimuthal plane as 
well as a narrow beam in the vertical plane, and the 
arrays may be oriented to cover different azimuthal 
sectors. This can be done* by mounting different 
collinear arrays around the antenna. mast at the same 
20 height but pointing to different azimuthal sectors, or 
by mounting two or more arrays above each other 
pointing to the same or different azimuthal sectors. 
In fact, the azimuthal pointing of an array may be set 
independently of where it is mounted, but it is 
25 preferred that the arrays be directed so that there is 
no interference from the other antenna arrays or the 
niast . 

The base station 200 preferably includes a 
plurality of antenna arrays 210a-d and 212a-d arranged 

30 in a circular pattern, as shown in Figure 6. Signals 
received from each antenna array are transmitted over 
respective cables 220 to respective amplifiers 216 
before being applied to respective polarization 
diversity receivers 214. In a preferred embodiment, 

35 cable loss is reduced by integrating masthead 

preamplifiers into the antenna assembly of Figure 7. 
The masthead preamplifiers provide gains ahead of the 



RN.«=;nnr.irv <wn 



9S36136A1 I > 



WO 96/36136 



PCT/US96/06366 



-18- 

respective cables 220. As will be understood by those 
having skill in the art, the distribution function of 
amplifiers 211 can alternately be accomplished by means 
of a passive splitter. Received signals from two 
5 adjacent antenna arrays are applied to each 
polarization diversity receiver, as shown. 
Accordingly, signals which are received by adjacent 
antenna arrays can be enhanced by the respective 
polarization diversity receiver thereby reducing the 

10 effect of signal fading. 

A pair of adjacent antenna arrays 210 and 212 
each define respective receive coverage areas 242 and 
244, as illustrated in Figure 11. The antenna arrays 
are mounted on the mast 218 so that the receive 

15 coverage areas 242 and 244 define an overlap area 246. 
Accordingly, a mobile station 248, such as a cellular 
radiotelephone 250 in an automobile, located in the 
overlap area 246 can transmit signals which are 
received by both antenna arrays 210 and 212 . 

20 Where an overlap area includes receive 

coverage areas from two antenna arrays which both 
receive signals having orthogonal polarizations from a 
mobile station in the overlap area, this is known as 
dual polarization diversity. As will be understood by 

25 those having skill in the art, higher levels of 

polarization diversity may also be achieved in the 
context of the present invention. For example, triple 
polarization diversity may be used wherein an overlap 
area includes coverage areas from three antenna arrays, 

3 0 and a triple polarization diversity receiver is used to 
combine the signals received by the three antenna 
arrays. In addition, higher levels of polarization 
diversity can be used for transmission. 

As previously discussed, the first antenna 

35 array 210 preferably receives signals having a first 
rotational polarization and the second antenna array 
212 receives signals having a second rotational 



rnsdocid: <wo 



9638136A1 I > 



WO 96/36136 



PCT/US96/06366 



-19- 

polarization . Accordingly, the first antenna array 210 
generates . a received signal in response to a portion of 
the signal transmitted by the cellular radiotelephone 
having the first rotational polarization. In contrast, 
5 the second antenna array 212 generates a second 

received signal in response to a portion of the signal 
transmitted by the cellular radiotelephone having the 
second rotational polarization. This polarization 
diversity between the received signals of antenna 
10 arrays 210 and 212 allows the operation of the 
polarization diversity receiver 214. 

Alternately, both polarizations can be 
received on each antenna array, either by constructing 
receive only arrays or by using duplexing filters in 
15 place of transmit filters 230a. In this case, a first 
receive signal having a polarization orthogonal with 
respect to the transmit signal is fed to the amplifier 
231,. as before. In addition, a second received signal 
is separated from the transmit path, wherein the second 
20 received signal has the same polarization as the 

transmitted signal. A separate amplifier, similar to 
amplifier 231 can be added for this extra receive path, 
and both polarizations of received signals from one or 
more antenna arrays can be fed to a multiple diversity 
25 receiver 214. 

The polarization diversity receiver 214 
preferably includes means, such as channel separators 
252, for separating the first and second receive 
signals into a plurality of respective individual 
3 0 channels based upon frequency and/or time slot and for 
processing each of the individual channels to generate 
a respective enhanced quality output receive signal 
based upon polarization diversity reception. 

The polarization diversity receiver also 
35 preferably includes a channel enhancer 254 for 

processing each pair of associated signals for each 
channel generated by the channel separators 252. If 
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only one channel is received by the plurality of 
antenna arrays, the channel separators 252 can be 
eliminated, and a single channel enhancer 254 can be 
used. 

5 The channel enhancers 2 54 preferably include 

signal quality determining means for determining 
signal-to-noise ratios of the first and second receive 
signals, and weighting means for weighting the first 
and second receive signals based upon the respective 

10 signal-to-noise ratios thereof to thereby generate the 
enhanced quality output receive signal. The 
determination of signal-to-noise ratios and weighted 
processing of diverse receive signals is disclosed in 
U.S. Patent No. 5,191,598 to Backstrom et al . , the 

15 entire disclosure of which is incorporated herein by 
reference. In addition, patent application serial No. 
08/251,202 entitled "Diversity Receiver for Signals 
With Multipath Time Dispersion" to Bottomley and filed 
May 21, 1994 discloses an alternate diversity receiver 

20 technique. This application is hereby incorporated 
herein by reference. 

Each active antenna array 223 includes a 
plurality of RF power transmit amplifiers 228 each 
coupled through a transmit filter 230a to an individual 

25 radiating transmit antenna element 224, as shown in 

Figure 8. The antenna elements 224 are preferably used 
to both transmit and receive simultaneously. Power is 
distributed to each power amplifier 228 via a power 
dividing network such as coupling circuit 240. in this 

30 embodiment, the above-mentioned components are 

preferably fabricated using stripline or microstrip 
techniques on a mounting substrate, such as a 
glass -epoxy printed circuit board, as would be readily 
understood by those skilled in the art. Dividing 

35 means, such as coupling circuit 240, can include a 

plurality of inputs and switching means to select which 
input signals are distributed to which amplifiers 22 8. 
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The switching means can be activated by pre-programmed 
control means to determine for each time slot if the 
full array is used at one transmit frequency or if 
transmit subarrays are formed for transmitting multiple 
5 frequencies simultaneously. 

The coupling circuit 240 is a network for 
distributing RF power from a single input to several 
outputs and may preferably be a Wilkinson power 
divider, branch-guide or edge-coupled divider, or other 
10 well-known power division device, such as described in 
Chapter 5 of Bahl, et al . , Microwave Solid State 
Circuit Design, Wiley & Sons,. 1988. The coupling 
circuit 240 is preferably designed to provide phase 
coherent outputs to each power transmit amplifier 228. 
15 The input power may be equally divided and in-phase 
among all of the power amplifier 228 inputs; this is 
known as uniform illumination and produces a 
symmetrical radiation pattern. Alternatively, small 
power imbalances and/or phase offsets can be provided 
20 if it is desired to shape the radiation pattern in 

accordance with basic array theory. A discussion of 
phase offsets and power imbalances may be found in Part 
2 of Brookner, Practical Phased- Array Antenna Systems, 
Artech House, 1991. Another reference on the basics of 
25 array theory can be found in Chapter 7 of Skolnik, 
Radar Handbook 2nd Ed., McGraw Hill, 1990. 
Alternately, the switch-selected distribution 
arrangement of coupling circuit 240 can employ an 
active integrated circuit microwave switch chip. 
30 The output of each filter 230a is 

illustratively coupled to a respective radiating 
transmit antenna element 224 which may also operate 
simultaneously as a receive antenna element. This 
antenna element may preferably be a linearly-polarized 
35 microstrip patch antenna such as described on pages 7-1 
to 7-14 of Johnson, et al . , Antenna Engineering 
Handbook - 2nd Edition, McGraw-Hill, 1984. 



WO 96/36136 



PCT/US96/06366 



-22- 

Altematively, a circularly polarized patch antenna, 
such as described on pages 7-14 to 7-16 of the 
aforementioned reference may equivalent ly be used. 

In the illustrated embodiment of the base 
5 station 200, the antenna arrays 210a-d and 212a-d are 
preferably identical. Each antenna array is preferably 
formed from microstrip patch elements 224, and 
constructed from a glass -epoxy circuit board using 
stripline or microstrip techniques, as would be readily 

10 understood by those skilled in the art. The antenna 
elements 224 are again preferably microstrip patch 
radiators as described above. The patch antenna 
elements 224 are preferably rotationally polarized 
patch antenna elements. It is preferred that adjacent 

15 antenna arrays have opposite rotational polarizations 
left hand circular polarization and right hand 
circular polarization. 

The receive antenna elements 214 are coupled 
to a common output via a combining network such as 

20 coupling circuit 238. Basically the inverse of the 
power dividing network, the combining network 
coherently couples the signals received from array 
elements 214 into a common output. As before, the 
combining network may introduce phase offsets or 

25 tapered coupling in order to effect beam shaping or to 
reduce vertical sidelobes, and to reduce unwanted deep 
nulls to mobiles very close to the mast. 

The output of combining network is 
illustratively coupled to a receive filter 232a and a 

30 low-noise amplifier (LNA) 231. Traditionally, a 

similar LNA was located in the RCG of a conventional 
base station, and, accordingly, the received signal 
suffered 2-4 dB of transmission loss through the IFL 
cabling. By locating the LNA 231 on the receive 

35 antenna array 223 in accordance with another advantage 
of the present invention, losses prior to amplification 
are reduced thereby benefitting the overall system 
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noise figure and allowing an increase in site/cell 
radius or a reduction in mobile power output to 
increase battery life. 

The amplified receive signal from the LNA 231 
5 is also preferably filtered to remove unwanted signal 
components, such as those generated by the power 
transmit amplifiers 228 that are not always removed by 
receive filter 232a. Therefore the output of LNA 231 
is preferably coupled to a bandpass filter such as 

10 output filter 232b. The bandpass filter may be a 

microstrip edge coupled filter, such . as described in 
Chapter 6 of Bahl , et al . ,. Microwave Solid State 
Circuit Design, Wiley & Sons, 1988, a high-k ceramic 
resonator filter, or a SAW filter. Depending on the 

15 system bandwidth and transmit /receive duplex spacing, a 
low-pass, or high-pass filter may also be acceptable as 
would be readily understood by those skilled in the 
art . 

Both the transmit signals and the receive 
2 0 signals are coupled to/from the antenna array 223 via a 
cable 220 such as an interf acility link (IFL) . In the 
illustrated embodiment, the IFL preferably comprises a 
bundle of coaxial cables, and power cables to provide 
power to the power transmit amplifiers 228 and the LNA 
25 231. 

The invention also includes a method for 
operating a cellular base station which communicates 
with at least one mobile station as shown in Figure 11. 
The base station receives a first signal from the 
30 mobile station 250 at a first polarization, and 

receives a second signal from the mobile station 250 at 
a polarization different from the first polarization. 
Preferably, the base station includes two antenna 
arrays 210 and 212 both positioned to receive signals 
35 from the overlap region 246. Accordingly one antenna 
array receives the signals having the first 
polarization, and the other antenna array receives the 



WO 96/36136 



PCT/US96/06366 



-24- 

signals having the second polarization. The base 
station then processes the first and second receive 
signals to generate an enhanced quality output receive 
signal based upon polarization diversity reception. 
5 Antenna azimuthal radiation patterns similar 

to conventional 120° sector patterns can be used such 
that considerable overlaps of adjacent coverage areas 
of adjacent antenna arrays is deliberately arranged. 
The polarization diversity receiver processing can 

10 alternately be viewed as adaptive array processing, and 
can be designed either to increase desired signal 
reception, reduce interference, or to increase, 
signal-to-interference ratios as described in U.S. 
Patent Application Serial No. 08/284,775 entitled 

15 "Interference Rejection Combining" to Bottomley. This 
patent application was filed on August 2, 1994, and is 
hereby incorporated herein by reference. 

The first and second receive signals are 
preferably processed by the diversity receiver 214. 

2 0 The processing step preferably comprises determining 

signal-to-noise ratios of the first and second receive 
signals, and weighing the first and second receive 
signals based upon the respective signal-to-noise 
ratios thereof to generate the enhanced quality output 
25 receive signal. In addition, the first and second 

receive signals can be separated into a plurality of 
respective individual channels based upon frequency and 
each of the ■ individual channels can be processed to 
generate a respective enhanced quality output receive 

3 0 signal based upon polarization diversity reception. 

The step of receiving the first signal may include 
receiving same via a first plurality of receive antenna 
elements forming antenna array 210 and arranged in a 
predetermined pattern. The step of receiving the 
35 second signal may include receiving same via a second 
plurality of receive antenna elements forming antenna 
array 212 and arranged in a predetermined pattern. 
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This method may also include the step of 
transmitting the second polarization from adjacent the 
first receive antenna 210 array, and transmitting the 
first polarization from adjacent the second receive 
5 antenna array 212, to thereby provide polarization 
isolation. In fact, the first antenna array 210 can 
receive signals having the first polarization while 
transmitting the second polarization, and the second 
antenna array 212 can receive signals having the second 
10 rotational polarization while transmitting signals 
.having the first polarization. Accordingly, the 
diversity receiver 214 of Figure 11 and the transmit 
signal, coder 2 82 of Figure 12 can be implemented in a 
single base station. 
15 The signals can be alternately transmitted 

from the base station at respective alternating first 
and second polarizations to provide enhanced received 
signal quality at a mobile station. The signals 
transmitted from the base station to the mobile station 
20 can be coded and interleaved time division multiple 

access signals.. In addition, the step of receiving the 
first rotational polarization can include receiving 
right-hand-circular polarization, and the step of 
receiving the second rotational polarization can 
25 include receiving left -hand- circular polarization. 

Where two antenna arrays 210 and 212 cover 
the same area or are oriented to give significant 
overlap, as shown in Figure 12, each antenna array 210 
and 212 can simultaneously cover a mobile station 280, 
3 0 such as a cellular radiotelephone, in the overlap area 
246. By transmitting successive signal segments (e.g. 
TDMA frames) using alternat ingly one then the other 
antenna array having different polarizations, the 
fading of the of the signal received at the mobile 
3 5 station can be made substantially uncorrelated in 
successive segments. Accordingly, polarization 
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diversity gain can be achieved when transmitting from 
the base station to the mobile station. 

The transmission to the mobile station can 
therefor employ interleaving of coded data over 
successive segments such that the decoded signal 
comprises bits taken alternately from successive 
segments that may be received with relatively high and 
low quality. In this manner, the average bit quality 
into the decoder is not all high quality or low quality 
but adequate to ensure a high probability of error free 
decoding. This technique is especially useful for 
communication with static or walking speed hand held 
phones that may suffer from slow signal fading. The 
polarization alternation effectively converts slow 
15 fading into faster fading that is more effectively 
averaged by the coding and interleaving. 

As shown in Figure 12, the base station 
includes two adjacent antenna arrays 210 and 212 for 
transmitting over respective adjacent coverage areas 

2 0 242 and 244. The antenna arrays are arranged so that 

the respective coverage areas define an overlap area 
246. Accordingly a mobile station 280, such as a hand 
held cellular radiotelephone, in the overlap area 246 
can receive signals transmitted by both antenna arrays 
25 210 and 212 . 

The base station also includes a transmit 
signal coder 282 for processing the signal to be 
transmitted to the mobile station 2 80 in the overlap 
area 246. The transmit signal coder produces a 

3 0 transmit signal that is interleaved and coded at 

respective alternating first and second rotational 
polarizations. Preferably, the portions of the signal 
having the first rotational polarization are 
consistently applied to one of the antenna arrays, and 
35 the portions of the signal having the second rotational 
polarization are applied to the other antenna array. 
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A base station controller, show in Figure 2 
including radio control group 37 and exchange radio 
interface 38, can determine for each mobile-base call 
whether one or the other antenna arrays, or both 
5 antenna arrays alternatingly , shall be used for 

transmitting to the mobile station. This decision can 
be based on the relative contributions of signals 
. received on the two polarizations as measured in the 
diversity receivers 214, or on feedback from the mobile 
10 station as to whether transmission from one antenna 
■array or another were preferred. For this purpose, a 
flag, bit can be coded into the transmissions to 
indicate the polarizations of each transmission. 

The mobile station 2 80 includes an antenna . 
15 284 for receiving signals transmitted from the cellular 
base station, and a receiver 286 connected to the 
antenna for deinterleaving and decoding the signals 
from the cellular base station to thereby achieve 
polarization diversity gain. In addition, the 
20 interleaved coded signal transmitted from the cellular 
base station can be a time division multiple access 
(TDMA) signal, and the receiver can include means for 
receiving the TDMA signal . The polarization flag 
mentioned above, if included on a TDMA burst -by-burst 
25 basis, can be decoded to indicate the polarization of 
each burst received. 

Figure 12 also illustrates a method for 
communicating between a cellular base station and at 
least one mobile station 280 including the following 
3 0 steps. Signals are alternately transmitted from the 

base station at respective alternating first and second 
polarizations. A transmit signal coder 282 can be used 
to separate a single transmit signal into signals 
having alternating polarizations and applying the 
35 signals having alternating polarizations to respective 
antenna arrays 210 and 212. The mobile station 280 
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receives the alternating first and second polarizations 
and provides polarization diversity gain. 

The base station, including the transmit 
signal coder 282 and antenna arrays 210 and 212, 
5 preferably generates coded and interleaved time 

division multiple access signals for transmission at 
the alternating first and second polarizations. In 
addition, the first polarization is preferably right- 
hand-circular polarization, and the second polarization 

10 is preferably left-hand-circular polarization. 

Many modifications and other embodiments of 
the invention will come to the mind of one skilled in 
the art having the benefit of. the teachings presented 
in the foregoing descriptions and the associated 

15 drawings. Therefore, it is to be understood that the 
invention is not to be limited to the specific 
embodiments disclosed, and that modifications and 
embodiments are intended to be included within the 
scope of the appended claims. 
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THAT WHICH IS CLAIMED IS: 

1. A base station for communicating with at 
least one mobile station in a cellular communications 
system, said base station comprising: 

a first antenna array comprising a first 
5 plurality of receive antenna elements for receiving 

signals having a first polarization and being oriented 
to define a first receive coverage area; 

a second antenna array comprising a second 
plurality of receive antenna elements for- receiving 
10 . signals having a second polarization different from 

said first polarization and being oriented to define a 
second receive coverage area; 

antenna mounting means for mounting said 
first and second antenna arrays so that said first and 
15 second receive coverage areas are overlapping; and 
polarization diversity receiver means 
connected to said first and second pluralities of 
receive antenna elements for processing respective 
first and second receive signals having said first and 
20 second polarizations from a mobile station in said 

overlapping area to generate an enhanced quality output 
receive signal based upon polarization diversity 
reception. 

2. An apparatus according to Claim 1 
25 wherein said polarization diversity receiver means 
comprises signal quality determining means for 
determining signal-to-noise ratios of said first and 
second receive signals, and weighting means for 
weighting said first and second receive signals based 
30 upon said respective signal-to-noise ratios thereof to 
generate the enhanced quality output receive signal. 
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3 . A base station according to Claim 1 
wherein said polarization diversity receiver means 
further comprises means for separating said first and 
second receive signals into a plurality of respective 

5 individual channels based upon frequency and for 

processing each of said individual channels to generate 
a respective enhanced quality output receive signal. 

4. A base station according to Claim 1 
wherein said polarization diversity receiver means 

10 further comprises means for separating said first and 
second receive signals into a plurality of respective 
individual channels based upon time slot and for 
processing each of said individual channels to generate 
a respective enhanced quality output receive signal. 

15 5. A base station according to Claim 1 

wherein said first antenna array further comprises a 
first plurality of transmit antenna elements arranged 
in a predetermined pattern for transmitting signals 
having said second polarization to thereby provide 

20 polarization isolation from said first plurality of 
receive antenna elements; and wherein said second 
antenna array comprises a second plurality of transmit 
antenna elements arranged in a predetermined pattern 
for transmitting signals having said first polarization 

25 to thereby provide polarization isolation from said 
second plurality of receive antenna elements. 



6. A base station according to Claim 5 
wherein a respective one of said receive antenna 
elements of said first antenna array and a respective 
30 one of said transmit antenna elements of said first 
antenna array are provided on a common patch antenna 
for receiving signals having said first polarization 
and transmitting signals having said second 
polarization . 
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7. A base station according to Claim 5 
further comprising alternating polarization transmitter 
means connected to said first and second pluralities of 
transmitter antenna elements for alternately 

5 transmitting signals at respective alternating first 

and second rotational polarizations to provide enhanced 
received signal quality at a mobile station. 

8. A base station according to Claim 7 
further comprising transmitter coding means connected 

10 to said alternating polarization transmitter means for 
generating coded and interleaved time division multiple 
access signals transmitted from said first and second 
antenna arrays to a mobile station. 

9. A base station according to Claim 5 

15 wherein said first antenna array comprises an elongate 
substrate carrying said first plurality of receive 
antenna elements and said first plurality of transmit 
antenna elements extending in a vertical direction; and 
wherein said second antenna array comprises a second 

20 elongate substrate adjacent said first elongate 

substrate and carrying said second plurality of receive 
antenna elements and said second plurality of transmit 
antenna elements extending in a vertical direction. 

10. A base station according to Claim 9 
25 wherein each of said first and second antenna arrays 

further comprises a plurality of transmit amplifiers on 
said elongate substrate and connected to respective 
transmit antenna elements to thereby define an active 
phased array antenna . 

30 11. A base station according to Claim 9 

wherein each receive antenna element comprises an 
electrically conductive portion on a respective 
elongate substrate, and wherein each transmit antenna 
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element comprises an electrically conductive portion on 
a respective elongate substrate. 

12. A base station according to Claim 9 
wherein each of said first and second array antennas 

5 further comprises receive in-phase coupling means on 
said elongate substrate and operatively connected to 
respective receive antenna elements for combining 
signals therefrom in-phase with one another; and 
wherein each of said first and second array antennas 
10 further comprises transmit in-phase coupling means on 
said elongate substrate and operatively connected to 
respective transmit antenna elements for distributing 
signals delivered thereto in-phase with one another. 

13 . A base station according to Claim 9 
15 wherein each of said first and second antenna arrays 

further comprises a radio- transparent housing 
surrounding said elongate substrate, 

14. A base station according to Claim 1 
wherein said first plurality of receive antenna 

20 elements comprises means for receiving right-hand- 
circular polarization, and wherein said second 
plurality of receive antenna elements comprises means 
for receiving left-hand-circular polarization. 

15. A base station for communicating with at 
25 least one mobile station in a cellular communications 

system, said base station comprising: 

a first antenna array comprising a first 
plurality of transmit antenna elements for transmitting 
signals having a first polarization and being arranged 
in a predetermined pattern to define a first transmit 
coverage area; 

a second antenna array comprising a second 
plurality of transmit antenna elements for transmittinc 
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signals having a second polarization different from 
said first polarization and being arranged in a 
predetermined pattern to have a second transmit 
coverage area overlapping with said first transmit 
5 coverage area; and 

alternating polarization transmitter means 
operatively connected to said first and second antenna 
arrays for alternately transmitting signal segments 
from said first and second antenna arrays to provide 
10 enhanced received signal quality at a mobile station.. 

16. A base station according to Claim 15 
further comprising transmitter coding means connected 
to said alternating polarization transmitter means for 
generating coded and interleaved time division multiple 

15 access signals transmitted from said first and second 
antenna arrays to a mobile station. 

17. A base station according to Claim 15 
wherein said first antenna array comprises an elongate 
substrate carrying said first plurality of transmit 

20 antenna elements extending in a vertical direction; and 
wherein said second antenna array comprises a second 
elongate substrate, adjacent said first elongate 
substrate and carrying said second plurality of 
transmit, antenna elements extending in a vertical 

25 direction. 

18. A base station according to Claim 17 
wherein each of said first and second antenna arrays 
further comprises a plurality of transmit amplifiers on 
said elongate substrate and connected to respective 
30 transmit antenna elements to thereby define an active 
phased array antenna. 
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19. A base station according to Claim 17 
wherein each of said first and second array antennas 
further comprises transmit in-phase coupling means on 
said elongate substrate and operatively connected to 

5 respective transmit antenna elements for combining 
signals delivered thereto in-phase with one another. 

20. A base station according to Claim 17 
wherein each of said first and second antenna arrays 
further comprises a radio-transparent housing 

10 surrounding said elongate substrate. 

21. A base station according to Claim 15 
wherein said first plurality of transmit antenna 
elements comprises means for transmitting left-hand- 
circular polarization, and wherein said second 
plurality of transmit antenna elements comprises means 
for transmitting right-hand-circular polarization. 



15 



20 



22. A method for operating a cellular base 
station for communicating with at least one mobile 
station, the method comprising the steps of: 

receiving a first signal from a mobile 
station at a first polarization; 

receiving a second signal from said mobile 
station at a polarization different from said first 
polarization; and 
25 processing said first and second receive 

signals to generate an enhanced quality output receive 
signal based upon polarization diversity reception. 

23. A method according to Claim 22 wherein 
said step of processing comprises determining signal - 

30 to-noise ratios of said first and second receive 

signals, and weighting said first and second receive 
signals based upon said respective signal-to-noise 
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ratios thereof to generate the enhanced quality output 
receive signal . 

24 . A method according to Claim 22 further 
comprising the step of separating said first and second 

5 receive signals into a plurality of respective 

individual channels based upon frequency and processing 
each of said individual channels to generate a 
respective enhanced quality output receive signal. 

25. A method according to Claim 22 further 
10 comprising the step of separating said first and second 

receive signals into a plurality of respective 
individual channels based upon time slot and processing 
each of said individual channels to generate a 
respective enhanced quality output receive signal. 

15 26. A method according to Claim 22 wherein 

said step of receiving said first signal comprises 
receiving same via a first plurality of receive antenna 
elements arranged in a predetermined pattern, and 
wherein said step of receiving said second signal 

20 comprises receiving same via a second plurality of 

receive antenna elements arranged in a predetermined 
pattern. 

27. A method according to Claim 26 further 

comprising the steps of : 
25 transmitting signals having said second 

polarization from adjacent said first plurality of 

receive antenna elements to thereby provide 

polarization isolation; and 

transmitting signals having said first 
30 polarization from adjacent said second plurality of 

receive antenna elements to thereby provide 

polarization isolation . 
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28. A method according to Claim 27 further 
comprising the step of alternately transmitting signals 
at respective alternating first and second 
polarizations to provide enhanced received signal 

5 quality at a mobile station. 

29. A method according to Claim 28 further 
comprising the step of generating coded and interleaved 
time division multiple access signals transmitted to 
said mobile station. 

10 30. A method according to Claim 22 wherein 

said step of receiving said first polarization 
comprises receiving right -hand- circular polarization, 
and wherein said step of receiving said second 
polarization comprises receiving left-hand-circular 

15 polarization. 

31. A method for communicating between a 
cellular base station and at least one mobile station, 
the method comprising the steps of : 

alternately transmitting signals from said 
20 base station at respective alternating first and second 
polarizations ; and 

receiving said alternating first and second 
polarizations at said mobile station to provide 
polarization diversity gain at said mobile station. 

25 32. A method according to Claim 31 further 

comprising the step of generating coded and interleaved 
time division multiple access signals for transmission 
at said alternating first and second polarizations. 

33. A method according to Claim 31 wherein 
30 said first polarization is right-hand-circular 

polarization, and wherein said second polarization is 
left-hand-circular polarization. 
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